The ability to accurately adjust for the severity of illness in outcome studies of critically ill patients is essential 1 . A number of different systems have been proposed, each having its own strengths and weaknesses. The Acute Physiology and Chronic Health Evaluation (APACHE) II model was developed in 1985 and has been evaluated by many intensive care units (ICU) [2] [3] [4] [5] . Although newer versions of the APACHE II prognostic model have been developed 6 , it is still commonly used in many ICUs worldwide for audit and research purposes. The advantages of using the APACHE II score are its ease of use and the fact that it has been used for a long period of time which enable historical comparisons to be made both within and between units. However, the validity of the APACHE II score has been challenged because it does not take into account the medical therapy delivered to the patient or the subsequent course of 7 .
Multiple organ failure is a leading cause of morbidity and mortality in critically ill patients. As such, serial measurements of the incidence and severity of organ failure during the ICU stay has been used to predict the outcomes of critical illness [8] [9] [10] [11] . A number of organ failure or dysfunction scores have been developed for critically ill patients and Sequential Organ Failure Assessment (SOFA) score is one of the commonest organ failure scores used in ICUs. The SOFA score was developed following a consensus conference and the total score consists of components of six major organ systems 8 . The SOFA score has the potential advantages of assessing the intensity of organ failure and organ support during the patient's stay in ICU when compared to the APACHE II score. The SOFA scoring system has been used in some Australian ICUs but its Combining Sequential Organ Failure Assessment (SOFA) score with Acute Physiology and Chronic Health Evaluation (APACHE) II score to predict hospital mortality of critically ill patients K. M. HO* Intensive Care Unit, Royal Perth Hospital, Perth, Western Australia, Australia
SUMMARY
The ability to accurately adjust for the severity of illness in outcome studies of critically ill patients is essential. Previous studies have showed that Sequential Organ Failure Assessment (SOFA) score and Acute Physiology and Chronic Health Evaluation (APACHE) II score can predict hospital mortality of critically ill patients. The effects of combining these two scores to predict hospital mortality of critically ill patients has not been evaluated. This cohort study evaluated the performance of combining the APACHE II score with SOFA score in predicting hospital mortality of critically ill patients. A total of 1,311 consecutive adult patients admitted to a tertiary 22-bed multidisciplinary intensive care unit (ICU) in Western Australia were considered. The APACHE II, Admission SOFA, Delta SOFA and maximum SOFA score were all related to hospital survival in the univariate analyses. Combining Max SOFA (area under receiver operating characteristic curve 0.875 vs. 0.858, P=0.014; Nagelkerke R 2 : 0.411 vs. 0.371; Brier Score: 0.086 vs. 0.090) or Delta SOFA score (area under receiver operating characteristic curve 0.874 vs. 0.858, P=0.003; Nagelkerke R 2 : 0.412 vs. 0.371; Brier Score: 0.086 vs. 0.090) with the APACHE II score improved the discrimination and overall performance of the predictions when compared with using the APACHE II score alone, especially in the emergency ICU admissions. Combining Max SOFA or Delta SOFA score with the APACHE II score may improve the accuracy of risk adjustment in outcome studies of critically ill patients.
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Anaesthesia and Intensive Care, Vol. 35, No. 4, August 2007 performance, especially when combined with the APACHE II score, has not been thoroughly evaluated 10 . We assessed the performance of combining the SOFA score with the APACHE II score in predicting hospital mortality of critically ill patients in this cohort study.
METHODS
all patients admitted to the ICU of Perth Hospital, which is an 800-bed university teaching hospital. The 22-bed ICU is a tertiary ICU that admits critically ill adult patients of all specialties and is staffed by fully trained intensivists. All patients who were admitted to the ICU between January 1, 2005 and December 31, 2005 were included in this study, except those who were readmitted to the ICU during the same hospitalisation 2 . This study utilised to be a 'Clinical Audit' by the Hospital Ethics Committee and as such formal ethics committee approval was waived.
The ICU database contained information for all components of the APACHE II score with physiological data collected for the worst values in age, gender, length of ICU and hospital stay, daily SOFA score (Table 1) , ICU mortality and hospital mortality. Two research coordinators recorded the daily SOFA score and the duty ICU consultant collected the APACHE II score on paper sheets and updated on a daily basis by the duty consultant while the patient remained in the ICU. After the patient was discharged from the ICU, a designated trained clerical staff member checked the data for transcription errors and completeness by using data from the computerised laboratory database and going through the ICU vital signs to the computer. A single data-custodian has been responsible for ensuring data quality since the inception of the database in 1987. The data were reviewed for internal consistency before annual lock-down and there were no patients lost to follow-up or missing data. calculated as described by Knaus et al 2 . Measurement data recording form. Previous studies have suggested day SOFA (Admission SOFA) and the Delta SOFA score could predict hospital outcomes of critically ill patients 9, 11 . In the previous studies, the Max SOFA score was calculated as the sum of the maximum value of each SOFA organ failure score during the patient's stay in ICU (i.e. ranges between 6 and SOFA was the difference between the Max SOFA association in multivariate analysis when two continuous variables are closely correlated 12 . In this study, we used Pearson correlation to assess the correlations between different SOFA scores and the APACHE II score before these variables were analysed simultaneously in the multivariate model. Sensitivity analyses were performed to assess whether separating the APACHE II score into its individual components including the Acute Physiological Score, Age score and Comorbidity score would change the results.
We used the area under the receiver operating characteristic (ROC) curve to assess the discrimination. The difference in areas under the ROC curves derived from the same cases was analysed by the z statistic as described by Hanley and McNeil 13 . We used the Hosmer Lemeshow chi-square C statistic and calibration curves to assess calibration of the prediction model . A P value less than 0.05 in the Hosmer Lemeshow chi-square C statistical test indicates a 'perfect calibration'. We used the Brier score and Nagelkerke's R 2 to assess the overall performance of combining the SOFA score with the APACHE II score 15, 16 . These two overall performance indices of a prediction model 17 . Brier score is calculated as y i -p i ) 2 /n, where y denotes the observed outcome while p denotes the predicted probability for subject i in the data set of n subjects. Brier score ranges from a useless prediction model 15 . The Nagelkerke's R 2 is a measure of explained variation calculated on the log-likelihood scale 16, 17 . A P-value less than 0.05 was for multiple comparisons in the subgroup analyses. All statistical analyses were performed by SPSS statistical software (version 13.0 for Windows, SPSS Inc.).
RESULTS
There were 1,311 consecutive ICU admissions between 1 January and 31 December, 2005. The characteristics of the patients who did and did not survive hospital are compared in Table 2 . The nonsurvivors were older, with more severe chronic health conditions, more likely to be an emergency admission and with a higher severity of acute illness on admission Admission SOFA score.
The APACHE II score was related to the Max SOFA (Pearson correlation=0.677), Admission SOFA (Pearson correlation=0.717) and Delta SOFA (Pearson correlation=0.208) score but not to such an extent (correlation >0.8) it may falsely create an association in the multivariate analysis 12 . Logistic regression models showed that Admission SOFA, Delta SOFA and Max SOFA score were all independently associated with hospital mortality when combined with the APACHE II score ( The overall performance of combining the APACHE II score with Max SOFA score (Brier score: 0.086 and Nagelkerke R 2 SOFA score (Brier score: 0.086 and Nagelkerke R 2 alone (Brier score: 0.090 and Nagelkerke R 2 : 0.371). The calibration of combining the APACHE II score with either the Max SOFA or the Delta SOFA score was acceptable in both elective and emergency admissions ( Table 5 ) (Figure 1 ).
Sensitivity analyses using individual components of the APACHE II score instead of using it as a composite score in the regression models slightly increased the areas under the ROC curves of all results remained unchanged.
DISCUSSION
This study showed that combining the APACHE II with the Max SOFA or Delta SOFA score improves the discrimination and overall performance of the predictions of hospital mortality of critically ill patients.
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of critically ill patients is essential. Our results the APACHE II score has a good discrimination in predicting hospital mortality of critically ill patients [2] [3] [4] [5] 18 . Previous studies showed that the discrimination of the APACHE II score was better than the SOFA score alone in patients with sepsis or pneumonia 19, 20 . Our recent study also showed that the discrimination and the overall performance of the APACHE II score was better than different versions of SOFA score alone in both elective and emergency ICU admissions 21 . This current study extends the evaluation of the APACHE II and the SOFA score. Our results showed that combining either Max SOFA or Delta SOFA score with the APACHE II score improves the discrimination and overall performance of the predictions. As the Max SOFA ICU admission, our results suggest that the intensity information to the APACHE II score on the risk of mortality of critically ill patients. Therefore, there is an advantage in using the APACHE II score with either the Max SOFA or Delta SOFA score when accurate risk adjustment is required for clinical audit and research purposes. Clinicians will have to balance whether an improvement in the accuracy of risk adjustment of the outcome data can justify the extra workload needed to collect daily SOFA scores. On the other hand, our results suggest that the Admission SOFA does not give additional information to the APACHE II score in predicting mortality of critically ill patients. This result is perhaps not surprising because both the Admission SOFA and the APACHE II scores measure the severity of physiological derangements or organ admission. This study has some limitations. Firstly, this is a single centre study. The performance of a prognostic model varies between ICUs because of different case-mix and management protocols 22 . Therefore, our results may not be generalisable to other ICUs. Furthermore, we used all our existing data for descriptive modelling in this study, and as such, it is likely to provide over-optimistic models than using other modelling techniques such as bootstrapping or independent developmental and validation datasets. Secondly, the sample size of this study is still relatively small and further subgroup analysis of patients with different diagnoses will be differences in the performance of these prognostic scores 17 . Finally, this study only evaluated the combination of the APACHE II and SOFA score. Whether a new prognostic model that combines the APACHE II or newer versions of APACHE II with another organ failure score 23 , or with a comorbidity score such as Charlson Comorbidity Index , will improve the performance of outcome predictions has not been evaluated and deserves further investigations.
In conclusion, combining the APACHE II score with either the Max SOFA or Delta SOFA improves the predictions of hospital mortality of critically ill patients. Further investigations are needed to assess whether combining a comorbidity score with the APACHE II and SOFA score will improve the performance of the predictions.
